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SUMMARY
Drinking raw date palm sap is the primary route of Nipah virus (NiV) transmission from bats to 
people in Bangladesh; subsequent person-to-person transmission is common. During December 
2010 to March 2011, we investigated NiV epidemiology by interviewing cases using structured 
questionnaires, in-depth interviews, and group discussions to collect clinical and exposure 
histories. We conducted a case-control study to identify risk factors for transmission. We 
identified 43 cases; 23 were laboratory-confirmed and 20 probable. Thirty-eight (88%) cases died. 
Drinking raw date palm sap and contact with an infected person were major risk factors; one 
healthcare worker was infected and for another case transmission apparently occurred through 
contact with a corpse. In absence of these risk factors, apparent routes of transmission included 
drinking fermented date palm sap. For the first time, a case was detected in eastern Bangladesh. 
Identification of new epidemiological characteristics emphasizes the importance of continued NiV 
surveillance and case investigation.
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Nipah virus (NiV) is a zoonotic paramyxovirus that causes severe illness in humans often 
manifested as encephalitis [1]. Cases may also present with acute respiratory syndrome, 
manifested as cough with respiratory distress [1–5]. Nipah cases detected in Bangladesh 
through surveillance and outbreak investigations during 2001–2010 have all occurred during 
December–May in a geographically limited area in the northwestern and central parts of 
Bangladesh, often referred to as the ‘Nipah belt’ (Fig. 1) [4–9]. NiV infections in 
Bangladesh have a case-fatality ratio of >70% [8].
Outbreak investigations have identified drinking raw date palm sap, a delicacy in 
Bangladesh [10], as the most frequent route of transmission of NiV from bats to humans [6, 
8, 11, 12]. Raw date palm sap is harvested during the winter months (December–March) 
[10], which is also the period when most of the Nipah cases are identified in Bangladesh [8, 
10] and is therefore often referred to as the ‘Nipah season’ [9]. Studies using infrared 
cameras have shown that Pteropus fruit bats, the reservoir hosts of NiV [13], visit the date 
palm trees at night and contaminate the sap by licking the sap stream and urinating in the sap 
collection pot [14]. Another common pathway for NiV transmission to humans is through 
close contact with a person infected with NiV, most likely through contact with patient’s 
respiratory secretions [7, 8, 12, 15]. In Bangladesh, most of the cases that were infected 
through person-to-person transmission, were family caregivers who provided care to Nipah 
cases at home and in hospital [8]. Nosocomial transmission of NiV to healthcare providers 
has also been reported in India and Bangladesh [12, 16]. Corpse-to-human transmission of 
Nipah infection was also reported during an outbreak in March 2010 [12].
Since 2006, the Bangladesh Ministry of Health and Family Welfare’s Institute of 
Epidemiology, Disease Control and Research (IEDCR) and the International Centre for 
Diarrhoeal Diseases Research (icddr,b) have been jointly conducting hospital-based 
surveillance for cases and clusters of NiV infection [17].
From December 2010 to March 2011, a collaborative team of epidemiologists and 
qualitative investigators from IEDCR and icddr,b investigated multiple clusters and isolated 
cases of NiV infection in Bangladesh. The objectives of these investigations were to 
describe the NiV cases in terms of time, place and persons and to identify risk factors for 
transmission. Here we present the findings of epidemiological and anthropological 
investigations of NiV cases identified during the 2010–2011 Nipah season.
METHODS
Case and cluster detection
Physicians in three sentinel Nipah surveillance hospitals investigated and reported all 
suspected cases and clusters of acute encephalitis admitted to the hospital during January–
March to IEDCR. A suspected case of acute encephalitis was defined as a person with acute 
onset of fever and altered mental status or new onset of seizure or other neurological deficit. 
A cluster was defined as an occurrence of two or more cases of suspected acute encephalitis 
within 21 days which were within 30 min walking distance of each other. The physicians 
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collected whole blood samples from suspected cases and serum was stored in liquid nitrogen 
and transported bi-weekly to the IEDCR virology laboratory and tested for Nipah IgM and 
IgG anti-bodies using an enzyme-linked immunosorbent assay [18]. We defined a confirmed 
case of Nipah as a suspected case of acute encephalitis with evidence of NiV antibodies in 
serum.
Physicians from public and private hospitals occasionally reported encephalitis cases to 
IEDCR and requested laboratory confirmation when, based on the geographical location or 
history of consumption of date palm sap they suspected that patients might have been 
infected by NiV.
We launched epidemiological investigations whenever a laboratory-confirmed Nipah case or 
a cluster of acute encephalitis was detected through any of these surveillance systems.
Case and cluster investigations
We visited each community where there was at least one confirmed case and asked family 
members, friends and neighbours of confirmed cases to identify suspected Nipah cases and 
clusters. We defined a suspected Nipah case as any resident in a village where a confirmed 
Nipah encephalitis case lived who developed fever within 21 days of onset of illness of the 
confirmed Nipah case. We collected blood samples from living suspected cases. Samples 
were centrifuged in the field, and sera were aliquoted and transported in liquid nitrogen to 
IEDCR’s virology laboratory. A suspected Nipah case with evidence of NiV antibodies in 
serum was defined as a confirmed case. Suspected Nipah cases who died before a sample 
could be obtained or who had no IgM against NiV in a serum sample that was collected 
within 8 days of onset of illness and who died before a follow-up serum sample could be 
obtained were defined as probable cases.
We used a structured questionnaire to collect age, gender, symptoms with date of onset and 
exposure history during 30 days prior to illness onset from each probable and confirmed 
case. We interviewed family members, friends or caregivers of cases as proxy respondents 
for those cases who were too sick to respond or had died.
During investigation of two large clusters, in Lalmonirhat and Rangpur districts, researchers 
trained in qualitative methods conducted in-depth interviews and informal group discussions 
with families and friends of confirmed and probable cases to explore cases’ history of food 
and drink consumption and exposure to sick persons during the 30 days prior to illness 
onset. The team stayed in the affected villages for a week, built a rapport with community 
residents and conducted interviews and group discussions. The team recorded the interviews 
using audio recorders. We transcribed and summarized the interviews and group discussion 
data. We reviewed the data carefully to identify and summarize common behaviours and 
experiences of cases.
Case-control study
To investigate exposures associated with the cases we conducted a case-control study. Using 
methods described by Sazzad et al. [12], we enrolled probable and confirmed cases as case-
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patients and four age-matched healthy neighborhood controls for each case in the case-
control study.
Statistical analysis
We calculated frequencies of demographic and clinical characteristics of cases. We 
calculated odds ratios (OR) and 95% confidence intervals (CI) to estimate the association of 
each exposure with disease using univariate conditional logistic regression. To evaluate 
independent risk factors we included all variables with a P value of <0.10 from univariate 
analyses in conditional stepwise backward multivariate logistic regression. We considered 
an association statistically significant if the associated P value was <0.05. We assessed 
multicollinearity between independent variables using variance inflation factor.
Ethics
We obtained informed verbal consent from all participants or proxies. We obtained 
individual assent as well as parental consent for those aged <11 years. The human subjects 
review committee at icddr,b approved the protocol for Nipah surveillance and outbreak 
response.
RESULTS
Case and cluster detection
We identified 43 cases of Nipah encephalitis (23 confirmed, 20 probable) (Table 1). There 
were 37 cases in four clusters: three clusters occurred in three northern districts, Lalmonirhat 
(22 cases), Rangpur (eight cases), and Dinajpur (five cases), and the fourth cluster was in 
Rajbari District (two cases), in central Bangladesh (Fig. 1). All four clusters were detected 
through hospital-based Nipah surveillance. The remaining six cases were isolated, five of 
which were detected through hospital-based surveillance. The sixth was reported by 
physicians from a private hospital in Dhaka (Fig. 1). The onset of illness for the 43 cases 
was from 23 December 2010 to 1 March 2011 (Fig. 2).
Case and cluster investigations
Of the 22 cases in the Lalmonirhat cluster, 21 lived in five adjacent villages and the other 
case was a healthcare worker in a referral hospital where cases from this cluster were 
admitted for treatment.
The healthcare worker was a laboratory-confirmed case and worked as a janitor in the 
hospital. She was assigned to work in the female medicine ward. During 6–11 days prior to 
her illness onset, the period of her potential exposure to the virus [5], there were no cases of 
known NiV infection admitted to that ward. However, 12 cases of Nipah infection from 
Lalmonirhat were admitted to the male medicine and paediatric wards during that time. We 
interviewed her colleagues regarding her potential exposures in the hospital but were unable 
to confirm her exposure to any of these known cases. However, her co-workers reported that 
janitors commonly worked outside their assigned units, such as assisting in transferring 
newly admitted patients from the emergency department to different wards or cleaning 
waste from another ward. According to her family members, she did not have any history of 
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consuming date palm sap or of coming in contact with an encephalitis patient outside her 
workplace.
Fourteen (64%) of the 22 cases in the Lalmonirhat cluster reportedly consumed raw date 
palm sap in the month before their illness onset. Proxies responding for seven cases in this 
cluster could not confirm whether these cases had a history of consuming raw or fermented 
date palm sap or of coming into contact with a Nipah case. However, 20 (91%) of the 22 
cases or their proxies reported observing fruit bats near their homes at night.
Of the eight cases in the Rangpur cluster, proxies of three probable cases reported that the 
cases regularly drank fermented date palm sap, a traditional liquor known locally as tari, 
from a common source. They consumed the drink daily during the 30 days prior to their 
illness onset. These probable cases did not have any history of drinking raw sap or of having 
contact with a Nipah case. Three confirmed cases became ill following close contact with 
one of these probable cases. Two other cases from this cluster, one confirmed and one 
probable, had no reported history of consuming raw or fermented date palm sap or contact 
with a Nipah case.
Of the five cases in the Dinajpur cluster, two probable cases had drunk raw date palm sap 
prior to illness onset. Two cases, one confirmed and one probable, came in contact with 
these probable cases. Another confirmed case was the sister of one of the primary cases. She 
visited her brother’s home after his death; she cried and held her brother’s corpse and 
touched his face and chest. Thirteen days later, she developed fever, severe weakness and 
drowsiness. She had no history of consuming date palm sap or contact with a living Nipah 
patient. She did not take part in preparing the body for funeral, as only men are allowed to 
take part in that ritual if the deceased person is male.
Both cases in the Rajbari cluster had drunk raw date palm sap within 3 weeks prior to their 
illness onset, but the second case (daughter of the first case) also came in contact with her 
mother after her onset of illness, which was 4 days prior to her onset of illness.
The case reported by a private hospital in Dhaka, was a patient from Comilla District, in the 
eastern part of the country, who was admitted to that hospital with encephalitis. Her 
physicians suspected NiV as a possible cause of her illness since she had consumed raw date 
palm sap and sent her sera to IEDCR for testing. She was confirmed as a case of Nipah 
encephalitis. She drank raw date palm sap harvested from a tree in the courtyard of her 
house within 2 weeks prior to her illness onset, and other members from her family and 
neighbours also drank from the same pot during that time. However, no one else who had 
shared the sap with her reported any illness. Five of the six isolated cases reported a history 
of consuming raw date palm sap. None of the isolated cases had contact with any 
encephalitis cases prior to illness onset.
Of the 43 cases, the first clinical manifestation of infection for 41 (95%) cases was fever; 
headache was the first symptom in two others (Table 1). Thirty-eight (88%) cases eventually 
developed altered mental status and unconsciousness. Twenty-seven (63%) cases developed 
difficulty breathing, and 10 of these developed difficult breathing prior to development of 
altered mental status.
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Thirty-eight (88%) of the 43 cases died; the median duration from onset to death was 6 
(range 1–47) days. Twenty-two (95%) of the 23 cases who drank raw or fermented date 
palm sap died, compared to two (33%) of the six cases who only had a history of coming 
into close contact with a Nipah case (risk ratio 2.9, 95% CI 0.9–8.9, P < 0.01).
Case-control study
We enrolled 40 cases in the case-control study. One hundred and fifty-five of 160 selected 
age-matched controls were available for interview. Mean age (±standard deviation) of cases 
was 24 ± 17.5 years and of controls 25 ± 15.6 years (t = 0.24, P = 0.81). For 35 (88%) of the 
40 cases and 34 (22%) of the 155 controls, we interviewed proxy respondents (P < 0.01). In 
the univariate conditional logistic regression analysis, Nipah cases had higher odds of 
drinking raw date palm sap within 30 days prior the onset of illness compared to the controls 
during the same period [55% vs. 12%, matched OR (mOR) 9.6, 95% CI 4.0–22.9] (Table 2). 
Cases also had higher odds of touching or being in the same room with a person with fever 
and altered mental status (23% vs. 3%, mOR 10.3, 95% CI 2.8–38.4). Male gender and bats 
visiting trees within or around the household were also significantly associated with 
contracting NiV infection (Table 2). By multivariable analysis, none of the variance 
inflation factors were larger than 1.68, suggesting no problems with multicollinearity. Cases 
had a higher odds of drinking raw date palm sap (adjusted mOR 17.9, 95% CI 4.0–80.5), 
touching or being in the same room with a person with fever and altered mental status 
(adjusted mOR 24.3, 95% CI 3.0–197.0), bats visiting trees near the household at night 
(adjusted mOR 40.1, 95% CI 3.9–416.7) and bats visiting trees near the household during 
the day (adjusted mOR 6.5, 95% CI 1.1–37.5). While there was no association between 
eating other fruits and being a case, cases had a lower odds of eating plums (adjusted mOR 
0.2, 95% CI 0.1–0.7) in multivariate analysis.
DISCUSSION
During the 2010–2011 Nipah season in Bangladesh, as in previous Nipah seasons, drinking 
raw date palm sap and having contact with a case of Nipah encephalitis were identified as 
the two most common risk factors for Nipah infection and 72% of cases reported one of 
these exposures during their incubation period. Additional evidence of healthcare and 
corpse-to-human transmission in Bangladesh was also found [12].
We also identified a new potential pathway of NiV transmission, drinking fermented date 
palm sap. In the absence of other known potential risk factors, drinking fermented date palm 
sap appeared to be the most plausible potential pathway of transmission for three probable 
cases in the Rangpur cluster. Drinking fermented date palm sap has not previously been 
recognized as a transmission source for NiV, therefore this was not included as a risk factor 
in the case-control study. Prior to the 2010–2011 Nipah season, there were no reported cases 
of NiV infection following drinking fermented date palm sap in Bangladesh, although this 
was also not explored as a potential risk factor for NiV infection. However, in a cluster of 
NiV infection reported from India during 2007, the index case developed NiV infection 
following drinking traditional liquor made from date palm sap [19]. Paramyxoviruses are 
considered susceptible to alcohol, but the alcohol concentration required to act as a 
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disinfectant is 60–70%, while the alcohol concentration of traditional liquor in the Indian 
subcontinent has been reported to be around 4% [20]. This suggests that NiV may remain 
viable in fermented sap and be transmitted to humans who drink this sap. Possible 
transmission of NiV through drinking fermented date palm sap suggests the need to include 
this as a potential risk factor in future risk factor studies to statistically examine the 
association between drinking fermented date palm sap and NiV infection.
The janitor identified with Nipah encephalitis was the second healthcare worker in a Nipah 
surveillance hospital in Bangladesh to be confirmed with Nipah infection [12]. Although we 
could not identify the specific case to which she was exposed, admission of 12 cases of 
Nipah infection in that hospital during her period of exposure and absence of a history of 
consuming date palm sap, suggests that she was probably exposed to the cases in her 
workplace while performing her janitorial duties. Reports suggesting nosocomial 
transmission of Nipah encephalitis during two consecutive Nipah seasons further underscore 
the risk for healthcare workers. During the large Nipah outbreak in Malaysia and in 
subsequent studies there was limited evidence of nosocomial transmission of NiV [21, 22], 
but during an outbreak in India, in 2001, 45 of the 66 Nipah encephalitis cases had a history 
of hospital exposure [16]. In Bangladesh, there is an insufficient supply of personal 
protective equipment to permit healthcare workers to follow recommended practices. Hand-
washing facilities are absent or inadequate in many hospitals and isolation wards frequently 
are either absent or non-functioning [23], all of which are crucial in preventing person-to-
person or possible fomite-borne transmission of NiV. Sustained person-to-person 
transmission of an infectious disease requires that each case infects, on average, at least one 
new case; otherwise, the outbreak will eventually stop. Previous Nipah outbreaks in 
Bangladesh were self-limiting and the majority of cases did not transmit to anyone else; on 
average, cases infected fewer than one person each (R0 = 0.48) [24]. Emerging zoonotic 
infections that are transmitted from human to human, but are not sustained, such as NiV, are 
concerning for global public health because each new spillover of these pathogens into 
humans and subsequent transmission between people provides an opportunity for the virus 
to better adapt to humans and become more efficient in transmission from person-to-person 
[25]. Therefore, improving respiratory precautions in hospital settings is not only important 
to reduce the burden of healthcare-associated infections in Bangladesh, but also to limit 
opportunities for this pathogen to develop more efficient person-to-person transmissibility.
We identified a case of apparent corpse-to-human transmission. Frequent isolation of NiV 
from respiratory secretions of Nipah cases and evidence of corpse-to-human transmission in 
this outbreak investigation suggests that contact with secretions or body fluids of deceased 
Nipah cases is an important risk for transmission [12, 26]. The secondary case likely came in 
contact with the body fluids of the primary case when she cried while holding the body of 
the deceased. In Bangladeshi culture, the rituals following the death of a person often 
involve close contact with the corpse. The ritual purification of the body is accomplished by 
cleaning and washing the skin surface and body orifices without wearing any protective 
clothing [12], thereby creating opportunities for transmission of NiV. Public health action 
following the detection of Nipah cases or clusters should include communication messages 
targeting family members and those who will have close contact with the corpse of a Nipah 
case, discouraging touching the deceased’s face, especially respiratory secretions. Messages 
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should emphasize covering the face while coming in close contact with the deceased and 
washing hands with soap after performing the ritual bath. However, such reactive strategies 
will still fail to prevent person-to-person transmission of infection from the primary cases 
since these cases often remain undiagnosed when in hospital unless they are part of a cluster 
or are detected later when secondary cases appear. Therefore, research should be undertaken 
to identify the system barriers in implementing interventions in the hospitals to reduce 
person-to-person or corpse-to-human transmission as a whole, such as respiratory precaution 
and hand washing and ways to overcome those barriers.
The isolated case from Comilla District is the first confirmed case of Nipah encephalitis 
from the eastern part of Bangladesh. While the reasons for the relative lack of occurrence of 
NiV infection in eastern districts are unknown, detection of this isolated Nipah encephalitis 
case, who had a history of drinking raw date palm sap, suggests that other undetected 
isolated NiV cases and clusters may occur outside of the previously described ‘Nipah belt’ 
[9]. However, considering routine reports and investigation of outbreaks of disease around 
the country, it is unlikely that a large number of cases remain undetected in that part of the 
country.
Those who developed the disease following drinking raw or fermented date palm sap had a 
higher casefatality proportion compared to those who developed the disease following 
exposure to a Nipah case. This is consistent with the findings from previous Nipah outbreaks 
in Bangladesh where cases who developed illness following person-to-person transmission 
had a lower case-fatality proportion compared to those who were infected through date palm 
sap consumption [6, 7, 11, 15, 27]. Similarly, in experimental studies golden hamsters 
exposed to a higher dose of NiV had higher case fatality [28]. Therefore, this variation in 
casefatality proportion could be related to the route of transmission or to the difference in 
dose of exposure to NiV.
Use of proxy respondents in a larger proportion of cases compared to the controls might 
result in a differential recall of exposures between the cases and controls. Although we 
interviewed multiple family members, friends or family caregivers as proxies, they may 
have had incomplete knowledge of exposures of the deceased cases. Therefore, a higher 
proportion of proxy respondents in cases compared to controls might have resulted in 
attenuation of the association between risk factors and the outcome. The apparent protective 
effect of eating plums, which is a common fruit during the winter, might be the result of 
such bias. This finding could also be due to chance, as there is no known plausible 
biological mechanism to support a protective effect. The independent association between 
bats visiting trees near households and being a Nipah case might indicate possible additional 
unknown pathways of NiV transmission from bats to humans.
We could not confirm 20 probable cases by laboratory tests, but the clinical manifestations 
in these previously healthy individuals were consistent with confirmed Nipah cases. 
Moreover, occurrence of these cases at the same time and place as the confirmed cases, 
similar exposure or frequent history of contact with the confirmed cases and the fatal 
outcome in all of them suggest that these cases probably had Nipah encephalitis.
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Evidence regarding established risk factors such as drinking raw date palm sap and close 
contact with a Nipah case indicates the continued need for interventions to minimize the 
risks of such exposures to prevent human cases. While raising awareness to stop drinking 
raw date palm sap could be one approach to reduce zoonotic transmission of NiV, this 
recommendation may not be universally followed because drinking raw date palm sap is a 
long practised tradition in rural Bangladesh [29]. Therefore, preventing contamination of the 
date palm sap might be a more acceptable intervention. Protective bamboo skirts that 
prevent bats’ access to date palm sap might be effective in reducing transmission of NiV 
through drinking raw date palm sap [30]. On the other hand, prevention of person-to-person 
transmission of NiV infection would require a general improvement in infection prevention 
practices in patient care, such as implementation of respiratory and personal protective 
precautions and hand washing. Encephalitis is a common clinical condition caused by 
multiple pathogens, so development of a rapid diagnostic test to identify suspected Nipah 
cases early could be useful to identify patients at higher risk of transmitting the fatal 
infection and so permit increased attention by providers to reducing risk. Evidence generated 
during the Nipah season in 2010–2011 in Bangladesh highlights the importance of ongoing 
surveillance and thorough outbreak investigations, as we continue to learn about new 
transmission pathways and the epidemiological characteristics of Nipah in Bangladesh.
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Geographical location of Nipah encephalitis cases identified during the 2010–2011 Nipah 
season in Bangladesh.
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Distribution of date of onset of illness of Nipah encephalitis cases identified during the 
2010–2011 Nipah season in Bangladesh.
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Table 1
Demographic and clinical characteristics of Nipah encephalitis cases by cluster identified during 2010–2011 





















Confirmed cases 10 (45) 2 (40) 1 (50) 4 (50) 6 (100) 23 (54)
Probable cases 12 (55) 3 (60) 1 (50) 4 (50) 0 (0) 20 (46)
Male 18 (82) 3 (60) 6 (0) 5 (63) 4 (67) 30 (70)
Median age, yr (range) 18 (2–55) 40 (23–50) 16.2 (2.3–30) 33.5 (5–45) 19.5 (6–30) 25 (2–55)
Fever 22 (100) 5 (100) 2 (100) 8 (100) 6 (100) 43 (100)
Altered consciousness 21 (95) 4 (80) 2 (100) 5 (63) 6 (100) 38 (88)
Headache 19 (86) 2 (40) 1 (50) 8 (100) 5 (83) 35 (81)
Severe weakness 16 (73) 4 (80) 2 (100) 8 (100) 5 (83) 35 (81)
Drowsiness 15 (68) 3 (60) 1 (50) 8 (100) 5 (83) 32 (74)
Difficulty breathing 15 (68) 1 (20) 1 (50) 5 (63) 5 (83) 27 (63)
Cough 15 (68) 2 (40) 0 (0) 5 (63) 3 (50) 25 (58)
Vomiting 13 (59) 0 (0) 1 (50) 4 (50) 4 (67) 22 (51)
Convulsion 10 (45) 2 (40) 1 (50) 4 (50) 5 (83) 22 (51)
Muscle pain 8 (36) 3 (60) 1 (50) 5 (63) 3 (50) 20 (47)
Change in personality 9 (41) 3 (60) 1 (50) 2 (25) 2 (33) 17 (40)
Diarrhoea 9 (41) 1 (20) 1 (50) 2 (25) 2 (33) 15 (35)
Joint pain 7 (32) 1 (20) 1 (50) 3 (38) 2 (33) 14 (33)
Paralysis of limb(s) 1 (5) 0 (0) 0 (0) 0 (0) 1 (17) 2 (5)
Number died 21 (95) 4 (80) 2 (100) 5 (63) 6 (100) 38 (88)
Median number of days
 from onset to death (range)
5 (1–47) 5 (3–8) 5 (4–6) 5 (4–8) 10.5 (5–34) 5.5 (1–47)
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Table 2
Conditional univariate logistic regression analysis of exposures for Nipah encephalitis during December 2010-





Risk factors n % n % mOR (95% CI) P value
Male 29 73 81 52 2.6 (1.2–5.7) 0.02
Climbed a tree 7 18 26 17 1.12 (0.4–3.2) 0.83
Drank raw date palm sap 22 55 18 12 9.6 (4.0–22.9) <0.01
Sap harvester by profession 3 8 0 0 Undefined 1.00
Touched someone with fever and altered mental status or
 were in the same room with someone with those symptoms
9 23 5 3 10.3 (2.8–38.4) <0.01
Contact with living animals
 Cows 16 40 80 51 0.6 (0.3–1.3) 0.17
 Goats 18 45 64 41 1.2 (0.6–2.7) 0.61
 Sheep 1 3 0 0 Undefined
 Pigs 1 3 0 0 Undefined
 Dogs 3 8 4 3 4.2 (0.7–26.1) 0.13
 Cats 3 8 7 5 1.8 (0.4–7.2) 0.13 0.42
 Fruit bats 0 0 0 0 Undefined
Contact with sick animal
 Cow 0 0 5 3 Undefined
 Goat 2 5 5 3 1.7 (0.3–9.4) 0.56
 Pig 0 0 0 0 Undefined
Ate meat of a sick animal 6 15 16 10 1.6 (0.6–4.5) 0.39
Report of seeing bat during the day near home 9 23 10 7 4.4 (1.6–11.9) <0.01
Report of seeing a bat at night near home 36 90 71 46 45.7 (6.1–345.1) <0.01
Ate fruit
 Plums 21 53 102 66 0.5 (0.2–1.1) 0.08
 Bananas 23 58 93 60 0.9 (0.4–2.0) 0.81
 Papayas 18 45 53 34 1.6 (0.8–3.3) 0.20
 Sapodillas 1 3 5 3 0.6 (0.0–12.4) 0.77
 Carambolas 7 18 38 25 0.6 (0.2–1.6) 0.32
 Guavas 7 18 44 28 0.5 (0.2–1.3) 0.16
Ate fruit fallen onto ground
 Plums 14 35 48 31 1.3 (0.6–3.1) 0.52
 Papayas 3 8 4 3 3.0 (0.8–13.4) 0.15
 Carambolas 4 10 14 9 1.2 (0.3–4.1) 0.82
 Guavas 4 10 12 8 1.4 (0.4–5.3) 0.62
mOR, Matched odds ratio; CI, confidence interval.
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